ABSTRACT Background/aims To determine the incidence of any diabetic retinopathy (any-DR), sight-threatening diabetic retinopathy (STDR) and diabetic macular oedema (DMO) and their risk factors in type 1 diabetes mellitus (T1DM) over a screening programme. Methods Nine-year follow-up, prospective populationbased study of 366 patients with T1DM and 15 030 with T2DM. Epidemiological risk factors were as follows: current age, age at DM diagnosis, sex, type of DM, duration of DM, arterial hypertension, levels of glycosylated haemoglobin (HbA 1c ), triglycerides, cholesterol fractions, serum creatinine, estimated glomerular filtration rate (eGFR) and urine albumin to creatinine ratio (UACR). Results Sum incidence of any-DR was 47.26% with annual incidence 15.16±2.19% in T1DM, and 26.49% with annual incidence 8.13% in T2DM. Sum incidence of STDR was 18.03% with annual incidence 5.77 ±1.21% in T1DM, and 7.59% with annual incidence 2.64±0.15% in T2DM. Sum incidence of DMO was 8.46% with annual incidence 2.68±038% in patients with T1DM and 6.36% with annual incidence 2.19 ±0.18% in T2DM. Cox's survival analysis showed that current age and age at diagnosis were risk factors at p<0.001, as high HbA1c levels at p<0.001, LDL cholesterol was significant at p<0.001, eGFR was significant at p<0.001 and UACR at p=0.017. Conclusions The incidence of any-DR and STDR was higher in patients with T1DM than those with T2DM. Also, the 47.26% sum incidence of any-DR in patients with T1DM was higher than in a previous study (35.9%), which can be linked to poor metabolic control of DM. Our results suggest that physicians should be encouraged to pay greater attention to treatment protocols for T1DM in patients.
INTRODUCTION
It is estimated that more than 200 million people worldwide currently have diabetes and that number is predicted to rise by over 120% by 2025. 1 It has become a chronic disease with several complications. Diabetes mellitus (DM) is classified as type 1 diabetes (T1DM) or type 2 diabetes (T2DM), gestational diabetes, monogenic diabetes and secondary diabetes. 2 There is a current trend towards more children developing T1DM and more than half a million children are estimated to be living with the disease.
The most important ocular complication is diabetic retinopathy (DR), a common cause of blindness in Europe. 3 Development of DR is similar in both DM types. DR screening uses a non-mydriatic fundus camera, a cost-effective way of screening DM populations. 4 Screening frequency varies according to DM type. 5 Our group rolled out a screening programme in 2000 that included general practitioners and endocrinologists, 6 and we reported an increase in the incidence of DR in a previously published study. 7 In this study, we determine the incidence of any-DR, sight-threatening retinopathy (STDR) and diabetic macular oedema (DMO) in patients with T1DM and its differences in patients with T2DM.
MATERIALS AND METHODS

Setting:
The reference population in our area is 247 174. The total number of patients with DM registered with our healthcare area is 17 792 (7.1%).
Design: A prospective, population-based study, conducted from 1 January 2007 to 31 December 2015. A total of 366 patients with T1DM and 15 030 with T2DM were screened.
Power of the study: Our epidemiologist estimates the detection of a ±3% increase in risk and 95% accuracy.
Method: Screening for DR was carried out with one 45°field retinography, centred on the fovea. If DR was suspected, a total of nine retinographies of 45°were taken and a complete screening is described elsewhere. 8 Due to the difficulty in obtaining images from patients with T1DM under 12 years old, only those aged >12 years were included.
In this study, DR is classified into (i) no-DR, (ii) any-DR-level 20-35 of the ETDRS, (iii) STDRdefined as level 43 or worse by the ETDRS. The term 'DMO' includes 'extrafoveal' and/or 'clinically significant macular oedema (CSMO)' according to the ETDRS classification. 9 Measures of kidney diabetic disease were determined by (i) serum creatinine; (ii) estimated glomerular filtration rate (eGFR), measured by the chronic kidney disease epidemiology collaboration equation (CKD-EPI); (iii) urine albumin to creatinine ratio (UACR), classified in normoalbuminuria defined as UACR <30 mg/g, microalbuminuria as UACR 30-299 mg/g and macroalbuminuria as UACR ≥300 mg/g.
At the end of the study, all patients with T1DM were visited, and a fundus nine-field retinographies was carried out by an ophthalmologist to confirm the number of patients with DR and if any new patients with DR are previously not diagnosed.
Inclusion criteria: Patients with T1DM >12 years old, and all patients with T2DM.
Exclusion criteria: Patients with other specific types of diabetes, and patients with gestational DM.
Ethical adherence: The study was carried with the approval of the local ethics committee (approval no. 13-01-31/proj6) and in accordance with revised guidelines of the Declaration of Helsinki.
Statistical methods
Data evaluation and analysis was carried out using SPSS V.22.0 statistical software package and p<0.05 was considered to indicate statistical significance.
Descriptive statistical analysis of quantitative data was made by the determination of mean, SD, minimum and maximum values, and the 95% CI. For qualitative data, we used the analysis of frequency and percentage in each category. Differences were examined using the two-tailed Student's t-test to compare two variables or using one-way analysis of variance if we were comparing more than two variables. Inferential analysis for qualitative data was made by the χ 2 table and the determination of the Fisher test for quantitative data. Multivariate analysis was carried out using Cox survival regression analysis.
RESULTS
Demographic variables of sample size
In the 9-year follow-up ( Mean HbA1c values were 8.38±1.16% in patients with T1DM and 7.38±1.29% in patients with T2DM. Table 2 shows the HbA1c percentages according to DM duration. It is interesting to observe that 14.7% of patients with DM duration <5 years present DR and HbA1c percentages decrease and in patients with any-DR with an increase in DM duration, which might explain why patients with >20 years DM duration have only 81.08% of DR incidence.
Study of differences between patients with T1DM and T2DM Table 1 shows differences between both DM types. Excluding differences in age, men are more frequent in both DM types but less in T1DM, being significant at p<0.001. Also, the statistical analysis of mean differences between T1DM and T2DM, using the two-tailed Student t-test, was significant for diabetes duration ( p<0.001) and HbA1c levels ( p<0.001). Values are presented as number or mean±SD and range; also, we describe the incidence of DR and its different types. DMO, diabetic macular oedema; DR, diabetic retinopathy; STDR, sight-threatening diabetic retinopathy; T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus.
Study of incidence of DR
A total of 173 patients with T1DM (47.26%) developed any-DR at 9 years with mean annual incidence of 15.16 ±2.19% (13.67%-15.97%), 3982 patients with T2DM developed any-DR (26.49%) with a mean annual incidence of 8.13% (7.06%-8.9%) (figure 1A and table 1). Sum incidence of STDR in patients with T1DM was 18.03% with an annual incidence of 5.77±1.21% (5.13%-6.45%) and sum incidence in patients with T2DM was 7.59% with an annual incidence of 2.64±0.15% (2.48%-2.88%).
Sum incidence of DMO in patients with T1DM was 8.46% with an annual incidence of 2.68±038% (1.71%-3.22%) and sum incidence in T2DM was 6.36% with an annual incidence of 2.19±0.18% (2%-2.49%).
At the end of the study, all patients with T1DM were visited, and we did not find any new patient with DR; therefore, we confirmed that no patient had been misdiagnosed during the screening follow-up.
Statistical analysis at the end of study
In the univariate analysis ( cholesterol or triglycerides) were significant in the survival analysis. The renal function study is interesting. Creatinine had a significant value in the univariate analysis, but not significant in the survival analysis ( p=0.142). On the contrary, UACR remains a significant variable at p=0.017 in the survival analysis, but eGFR was a more significant variable than UACR at p<0.001 and an HR of 4.044, only surpassed by age at diagnosis and current age, those DM duration-dependent variables. Also the association of UACR >30 mg/g and eGFR <60 mL/min/1.73 m 2 were significative at p<0.001 and an HR of 3.329.
DISCUSSION
This study should be judged in the context of previous authors' studies. 7 10 The difference between patients with T1DM and T2DM according to the incidence of any-DR, which was higher in the T1DM group with annual incidence of 15.16±2.19% compared with 8.37±2.19% in T2DM, is difficult to compare our results with other studies; there are few studies that determine incidences of DR in T1DM and T1DM in the same population. We think that most similar with our study is the Scottish National Diabetic Retinopathy Screening Programme 11 that reports a higher cumulative incidence in patients with T1DM (21.7%) than in those with T2DM (13.3%) in the group without DR at baseline.
The incidence of STDR was higher in patients with T1DM at 5.77±0.67% compared with 2.65±0.15% in patients with T2DM, similar values to the Scottish study.
11 STDR might be due to DMO or ischaemic retina secondary to severe DR; in this study, if we subtract patients with DMO of total STDR we can conclude that 3.55% of patients with T1DM have STDR due other causes than DMO; this percentage is higher than 0.45% in patients with T2DM. Therefore, there were more patients with STDR probably due to retinal ischaemia in T1DM.
Higher STDR values in T1DM are probably due to a longer duration of DM (13.63±8.42 years in patients with T1DM compared with 8.25±6.1 years in patients with T2DM). In addition, bad metabolic control, measured by HbA1c (8.38±1.16% in patients with T1DM compared with 7.38±1.29% in patients with T2DM), causes a higher incidence of DR in patients with T1DM. ANOVA, analysis of variance; DR, diabetic retinopathy; eGFR, estimated glomerular filtration rate; F, Fisher-Snedecor distribution; T1DM, type 1 diabetes mellitus; UACR, urine albumin to creatinine ratio.
The incidence of DMO shows similar percentages in both types of DM, with a mean of 2.68±0.38% (1.71%-3.22%) in patients with T1DM and 2.22±0.19% (2%-2.49%) in patients with T2DM, despite final sum incidence was higher in patients with T1D (8.46%) than those with T2DM (6.36%).
Higher any-DR values in T1DM perhaps can be explained by two different causes: (i) a longer duration of DM (13.63 ±8.42 years in patients with T1DM compared with 8.25 ±6.1 years in patients with T2DM) and (ii) bad metabolic control measured by HbA1c (8.38±1.16% in patients with T1DM compared with 7.38±1.29% in patients with T2DM).
The incidence of any-DR according to DM was 14.7% of patients with <5 years' duration. This is important data for screening programmes, which generally include a revision at 5 years if no DR is present in T1DM, perhaps we must change review time lapse after onset of T1DM.
Also in this study, only 81.08% patients with a DM duration of >20 years developed DR. In recent studies, it is frequent to observe a decrease in the incidence of DR in this group of patients, thus the Wisconsin Diabetes Registry Study, 12 which reported a 92% prevalence of any-DR, lower than previous studies such as the Wisconsin Epidemiological Study of Diabetic Retinopathy, which reported values of 97%. 13 A possible explanation for these differences, shown in table 2, is that patients with DM duration of over 15 years have a better metabolic control with low levels of HbA1c.
The lipid study shows that LDL cholesterol is a risk factor in the present sample of patients. Lipid studies often create controversy, such as the Yau et al 14 meta-analysis, which reported that higher total cholesterol was linked to DMO, and similar data were reported by the fenofibrate study, 15 which reported slow progression and development of DR with the use of fenofibrates.
Kidney function can be evaluated by UACR or eGFR, both values being linked to DR. 16 Changes in eGFR occur prior to an increase in UACR. The eGFR increases in early-stage DM and decreases in advanced stages, reflecting the decline in renal function. Recently, eGFR was determined using the CKD-EPI equation. In this study, it is evident that the eGFR is more significant than creatinine values. Furthermore, UACR seems less significant than the eGFR in Cox's survival regression (table 3) . Perhaps microalbuminuria secondary to arterial hypertension or infection makes a masquerade effect in UACR. Determination of CKD-EPI equation as a reference for eGFR is recommended by various medical societies. 17 A cohort study by Man et al 18 reported a significant relationship between CKD-EPI values and DMO. From our data, we would encourage further studies to determine the CKD-EPI equation in patients with T1DM as an important DR risk marker.
At the end of this study, we found that 47.26% patients developed DR. These data contrast with our previously published study:
10 on a sample size of 334 patients with T1DM, in which only 120 developed DR at 10 years (35.32%). The differences might be explained by methodology and the lower mean HbA1c levels in the previous study of 7.7±1.42% than this study (8.38 ±1.16%), probably due to a relaxation in metabolic control of patients with T1DM in recent years. 10 A value of 47.26% sum incidence at 9 years is also higher than other published studies, such as Martín-Merino et al, 19 based on a UK population, with a 23.9% at 9 years, and Leske et al, 20 published in 2006 and based on a population in Barbados, with an incidence of 39.6%. Perhaps, higher HbA1c levels in this study might have caused these differences.
At the end of study, we revised all 366 patients to determine if any developed DR and was not reported previously during study, but we observed that no one of patients registered as normal fundus developed DR, which can demonstrate the validity of our screening programme. However, we must remember that a study of the peripheral retina can detect more lesions and can change the severity of retinopathy. 21 Including patients with T1DM in a T2DM screening programme is feasible but it is important to remember that more frequent screening is difficult to achieve.
Current T2DM screening, with a mean of 4.11±0.77 visits over a 9-year period, implies that a patient visits only every 2.18 years, despite the recommendation for patients with T1DM being annual from 5 years on. 22 23 Patients and clinicians should aim to make yearly retinography checks 5 years after the onset of T1DM. 24 A limitation of our study is the small sample of 366 patients with T1DM and 15 030 patients with T2DM in our screened population. The number of patients with T1DM who developed DR over the 9-year follow-up period was 173 (47.26% of the sample), but the increase or decrease of only one patient can change the results in a 0.28%. The number of patients, who developed STDR, and especially DMO, is small and can bias the statistical analysis.
Strengthens of our study are (i) the screening programme, in which patients with T1DM of our area are being included; at present, there are few studies on the incidence of DR in T1DM; Lee et al 25 carried out a literature review in 2015 but there were only six referenced studies of DR incidence in patients with T1DM; (ii) also, the long follow-up period of our T1DM population; and (iii) the large amount of data, such as lipid profile and GFR. It is important that future studies investigate the CKD-EPI equation, as a marker of eGFR for DR development. The increase in any-DR (47.26%) compared with our previous study (35.9%) is another important consideration, because it would seem to be linked to bad metabolic control of T1DM. If our results are confirmed by other studies in different populations, we might expect to treat a lot of complications in DR in the future.
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